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Abstract
Confocal laser endomicroscopy allows for in vivo microscopic scanning of the Barrett’s segment and might improve the
detection of neoplastic lesions. Here the basic principles of this innovative technique are shown and how to differentiate
between normal gastric mucosa, nonneoplastic Barrett’s mucosa, and Barrett’s neoplasia is demonstrated. This article is part
of an expert video encyclopedia.
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Technique
Confocal laser endomicroscopy (CLE) with ﬂuorescein
staining.
Materials
• Endoscope: EC3870K; Pentax, Tokyo, Japan, in cooper-
ation with Optiscan, Australia.
• Solution: 10% ﬂuorescein sodium.
Background
Current standard surveillance of Barrett’s carcinoma involves
careful inspection of the whole Barrett’s segment along with
random four-quadrant biopsies every 1–2 cm.1 Such a proto-
col is inefﬁcient as it relies heavily on the endoscopist’s ability
to detect subtle anatomic changes that are neither speciﬁc nor
sensitive for Barrett’s carcinoma. Moreover, the endoscopic
appearance of Barrett’s metaplasia can be virtually indis-
tinguishable from that of Barrett’s neoplasia. CLE is a novel
endoscopic tool that allows for in vivomicroscopic scanning of
the esophageal mucosa in an effort to identify nuclear and
cellular patterns consistent with neoplasia.
CLE was ﬁrst used in 2004 and has been found effective in
colonic neoplasia, squamous esophageal neoplasia, celiac
disease, collagenous colitis, and Helicobacter pylori
infections.2–8 The CLE allows for imaging at a depth of
0–250 mm and a 475 mm by 475 mm ﬁeld of view. The endo-
microscope is equipped with a 2.8-mm accessory channel, air
and water jet nozzles, and suction, similar to any standard
endoscope. In addition, it has a blue laser light and a mini-
aturized confocal microscope built into the tip. Initiation of
CLE imaging is accomplished by pressing two additional
buttons on the control section. Application of suction allows
stabilization of the endoscope during image acquisition, un-
like probe-based endosocopic microscopy. Importantly, the
confocal microscope window is a few millimeters to the left of
the suction aperture. Visualization of the suction ‘polyp’ cre-
ated in the mucosa aids targeting of the area imaged
during CLE.
Kiesslich et al. performed a prospective study evaluating the
role of CLE in patients with Barrett’s epithelium with intra-
venous ﬂuorescein contrast.9 Endomicroscopy allowed the
differentiation of different types of epithelial cells and de-
tection of cellular and vascular changes in Barrett’s epithelium.
They used their results to develop the confocal Barrett classi-
ﬁcation to predict histology seen on standard biopsies of the
esophagus. The classiﬁcation uses blood vessel and cellular
architecture of the distal esophagus identiﬁed by imaging.
Identiﬁcation of Barrett’s esophagus and associated neoplasias
using the classiﬁcation criteria alone carried a sensitivity of
98.1/92.9% and a speciﬁcity of 94.1/98.4%, respectively.
CLE offers the ability for in vivo identiﬁcation of dysplasia
and early cancer in Barrett’s esophagus. By obtaining optical
biopsies more targeted mucosal biopsies can be taken. The
current standard of care with random biopsies leads to missed
cases of dysplasia and numerous biopsies being required lead-
ing to long procedures and high cost. Hence, accurate in vivo
microscopic imaging of mucosal lesions with CLE could also
allow more selective application of mucosal resection. This, in
turn, could potentially minimize the number of unnecessary
resections of nonneoplastic lesions as well as enable the phys-
ician to perform endoscopic mucosal resection at the time of
the initial examination, rather than delaying endoscopic treat-
ment to another procedure, one or more weeks after the
pathology from the mucosal biopsies is available.
This article is part of an expert video encyclopedia. Click here for the full
Table of Contents.
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Key Learning Points/Tips and Tricks
• In most endomicroscopes, the confocal imaging window is
located 5 mm to the left of the biopsy channel.
• The submucosa cannot be visualized via CLE.
• If ﬂuorescein contrast dye is being used, it should be in-
jected only when imaging is ready to be started.
• During endoscopy, ﬂexion of the distal end of the scope
may be slightly restricted due to the CLE laser integration.
• If the blue laser light is seen on the mucosa, then complete
contact with the confocal imaging window is not achieved.
• Contact should be stabilized by applying mild pressure
onto the mucosa; gentle continuous suction should be
used if necessary.
• Image brightness should be increased by increasing the
level of the laser on the CLE tower.
• The forceps biopsy should always be performed at last,
because extravasated blood will otherwise be artiﬁcially
enhanced by the ﬂuorescein.
Scripted Voiceover
0:00 Confocal laser endomicroscopy allows for in vivo
microscopic scanning of esophageal mucosa to identify
neoplastic patterns. This video demonstrates how to use
the laser endomicrosopy equipment and how to
distinguish between normal gastric mucosa, non-
neoplastic Barrett’s mucosa and Barrett’s neoplasia.
0:20 Detailed imaging with confocal laser endomicroscopy
requires prior application of contrast agents. Common
contrast agents are ﬂuorescein and acriﬂavine.
Fluorescein highlights the cytoplasm, extracellular matrix,
and capillaries. Fluorescein does not stain nuclei. While
ﬂuorescein is injected, acriﬂavine is sprayed topically
onto the mucosa. It stains nuclei but the penetration is
limited and therefore deeper layers of the mucosa are not
contrasted.
The images seen here are captured after acriﬂavine
spraying.
0:26 This is an endoscopy suite with equipment set up for
confocal laser imaging. A spraying catheter is inserted in
the working channel for topical acriﬂavine spraying.
0:40 Here is a long segment Barrett’s esophagus with a
circumscript lesion that is about to be examined in detail
with confocal endomicroscopy.
0:56 These are the principal steps that need to be performed:
• First perform thorough standard white light endoscopy
to examine the Barrett’s segment for suspicious areas.
• Then place suspicious lesions within the confocal
imaging window.
• The gastroesophageal junction is an area in continuous
motion. Therefore it is sometimes challenging to create
stable contact with the lesion that is required to
minimize imaging artefacts.
• Once a stable position is achieved endomicroscopic
images are obtained and interpreted in vivo.
• The ﬁnal step of the procedure is biopsy sampling from
lesions that are deemed abnormal.
1:10 This is the standard setting during endomicroscopy: While
one set of monitors display the standard white light
imaging, the confocal laser microscopy tower picks up
the in-depth mucosal imaging.
1:39 Suspicious white light lesions are placed within the
confocal imaging window. The endoscopist then looks at
the confocal laser endomicroscopy tower monitor to
interpret the images. Using the foot pedal, the
endoscopist can capture still images of the
endomicroscopy. These images can then be used to
determine the need to perform a forceps biopsy.
2:11 Confocal imaging provides surface tomography of the
mucosa while traditional histology demonstrates a
transverse view.
2:23 To distinguish between benign and neoplastic mucosa the
original classiﬁcation by Kiesslich and coworkers uses
features of vascular and cellular architecture of the
esophagus.
In normal Barrett’s mucosa subepithelial capillaries have a
regular shape and columnar lined mucosa with in
between dark mucin in goblet cells is found. In contrast
Barrett’s neoplasias show irregular capillaries with
leakage of vessels with brightness and heterogeneity in
the lamina propria. The cellular architecture neoplasias
show black cells with irregular apical and distal borders
and shapes with dark contrast.
According to these characteristics preliminary data show
that identiﬁcation of Barrett’s esophagus and Barrett’s
neoplasia have a sensitivity and speciﬁcity ranging
between 90 and 98%.
2:42 This is normal gastric mucosa. Imaging is performed after
injection of 10% ﬂuorescein. Notice the small, regular
formation of gastric glands in a mosaic pattern. Also
notice the cobblestone appearance of epithelial cells.
3:12 The honeycombed pattern and cobblestone epithelium is
apparent despite motion artifact. Notice the bright
ﬂuorescence between the cells secondary to ﬂuorescein
in the extracellular matrix.
3:25 Look for the honeycombing, cobblestone epithelium, and
small glands in the next few images of gastric mucosa.
3:37 In this image, the cobblestone appearance of the epithelium
is very visible. This cobblestone appearance is not found
in Barrett’s epithelium.
3:50 We will now move on to normal Barrett’s epithelium. The
most important feature that distinguishes Barrett’s
epithelium from other mucosa is the presence of goblet
cells. The mucin in the goblet cells gives the cells a dark
central spot in the epithelium. Also note the appearance
of cylindrical, regular cells and the presence of a brush
border.
4:37 This image of normal Barrett’s demonstrates motion
artifact. Limit motion artifact by creating a
stable interface, applying mild pressure and continuous
gentle suction.
4:58 The next images illustrate the typical confocal
endomicroscopy characteristics of Barrett’s with
neoplasia, deﬁned as either high grade intraepithelial
neoplasias or carcinoma. The most important hallmarks
of neoplasia are:
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• loss of regular architecture,
• the presence of irregular black cells,
• and the pooling of ﬂuorescein.
The black spots of the polygonal cells represent nuclei.
Vascular compromise and/or angiogenesis in malignant
tissue leads to extravasation of the ﬂuorescein contrast
and creates pools of contrast in samples of Barrett’s
intraepithelial neoplasia.
6:14 Loss of architecture and increased ﬂuorescence are the
typical features of Barrett’s adenocarcinomas.
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